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ABSTRACT
Sensitive and subarcsecond resolution (∼ 0.7′′) CH3OH(7−2,6 → 6−2,5) line and 890
µm continuum observations made with the Submillimeter Array (SMA) towards the
hot molecular circumbinary ring associated with the young multiple star Ori 139-
409 are presented. The CH3OH(7−2,6 - 6−2,5) emission from the ring is well resolved
at this angular resolution revealing an inner cavity with a size of about 140 AU.
A LTE model of a Keplerian disk with an inner cavity of the same size confirms
the presence of this cavity. Additionally, this model suggests that the circumbinary
ring is contracting with a velocity of Vinf ∼ 1.5 km s
−1 toward the binary central
compact circumstellar disks reported at a wavelength of 7 mm. The inner central
cavity seems to be formed by the tidal effects of the young stars in the middle of the
ring. The ring appears to be not a stationary object. Furthermore, the infall velocity
we determine is about a factor of 3 slower than the free-fall velocity corresponding to
the dynamical mass. This would correspond to a mass accretion rate of about 10−5
M⊙/yr. We found that the dust emission associated with Ori 139-409 appears to be
arising from the circumstellar disks with no strong contribution from the molecular
gas ring. Furthermore, a simple comparison with other classical molecular dusty rings
(e.g. GG Tau, UZ Tau, and UY Aur) suggests that Ori 139-409 could be one of the
youngest circumbinary rings reported up to date. Finally, our results confirm that the
circumbinary rings are actively funneling fresh gas material to the central compact
binary circumstellar disks, i.e. to the protostars in the very early phases of their
evolution.
Key words: stars: pre-main sequence – ISM: individual: (139-409a, 139-409b, Orion-
S, OMC1-S, Orion South, M42) – ISM: Molecules – radio continuum: ISM submillime-
ter (stars:) binaries: general
1 INTRODUCTION
Most of the main sequence low-mass stars in our Galaxy
are binaries or multiple systems, however its formation pro-
cesses are still not well understood. Our poor understanding
about the formation of the multiple stars has been mainly
attributed to the modest sample of relatively well studied
protobinary or multiple systems at millimeter and infrared
wavelengths (Monin et al. 2007; Launhardt 2004). Surveys
have been made at millimeter wavelengths in an attempt to
find new very young multiple systems, however these have
been strongly limited by sensitivity (Dutrey 2001). Now,
Submillimeter interferometers begin to open a new “radio
window”, providing highly-excited molecular and continuum
observations with a better signal-to-noise ratio (in compar-
ison to the millimeter observations) and a sub-arcsecond
resolution which may be able to trace the innermost parts
of close-by molecular and dusty circumbinary or circum-
multiple disks.
Ori 139-409 is part of a multiple system of com-
pact millimeter and centimeter continuum sources lo-
cated in southern most part of Orion South (Zapata et al.
2004, 2005, 2007; Eisner & Carpenter 2006; Eisner et al.
2008; Zapata et al. 2004) and at a distance of 414 pc
(Menten et al. 2007). This source is associated with a hot
(T ≥ 100 K) and dense (ρ ≃ 108 cm3) molecular circumbi-
nary ring surrounding two compact dusty disks (with trun-
cated sizes of less than 50 AU) which are associated with
intermediate mass protostars (Zapata et al. 2007). The cir-
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Figure 1. Channel-velocity image of the CH3OH(7−2,6-6−2,5) thermal emission from the molecular circumbinary ring Ori 139-409 (contours) overlaid
with our LTE model (grey scale). The emission is averaged in velocity bins of 1 km s−1. The central velocity is indicated (in km s−1) on the top left-hand
corner of each panel. The systemic velocity of the ambient molecular cloud is between 6–7 km s−1. The contours are 8% to 90% with a step of 7% the flux
peak. The right scale grey bar indicates the Tb in K. The northern and southern extended emission located in middle channels is probably associated with
the ambient gas. The crosses mark the position of the compact circumstellar disks (Zapata et al. 2007). The red ellipse marks the position of the putative
140 AU inner cavity.
cumbinary molecular gas ring has a deconvolved size of
0.′′64±0.′′03×0.′′45±0.′′04 (or 294 AU±14 AU×207 AU±18
AU) with a PA of 87◦ ± 7◦.
Zapata et al. (2009) reported a highly collimated
SO(65→54) molecular and monopolar outflow with a
northeast-southwest orientation ejected from Ori 139-409
and that forms part of a more extended (2′) monopo-
lar CO(2→1) outflow that emanates from this region
(Schmid-Burgk et al. 1990).
In this paper, we present submillimeter and subarcsec-
ond line and continuum observations made with the Submil-
limeter Array toward the protobinary system Ori 139-409.
We find that the molecular emission is well resolved at this
angular resolution, revealing an inner cavity at the center
of the molecular structure with a size of about 140 AU. A
LTE model of a Keplerian disk with a central hole agrees
well with the line observations and further reveals that the
circumbinary ring is infalling towards the compact circum-
stellar disks.
2 OBSERVATIONS
Observations were made with the Submillimeter Array
(SMA)1 during 2008 January 14. The SMA was in its ex-
tended configuration, which included 21 independent base-
lines ranging in projected length from 30 to 258 m. The
phase reference center of the observations was R.A. =
05h35m13.60s, decl.= -05◦24′11.0′′ (J2000.0). The size of the
primary beam response at this frequency is about 30′′. The
receivers were tuned to a frequency of 349.125135 GHz in
the upper sideband (USB), while the lower sideband (LSB)
was centered at 339.125135 GHz.
The CH3OH(7−2,6 - 6−2,5) molecule was detected in the
LSB at a frequency of 338.72 GHz. The full bandwidth of
1 The Submillimeter Array is a joint project between the Smith-
sonian Astrophysical Observatory and the Academia Sinica Insti-
tute of Astronomy and Astrophysics, and is funded by the Smith-
sonian Institution and the Academia Sinica.
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Figure 2. Top Left: SMA CH3OH(7−2,6-6−2,5) moment zero (color) and 890 µm continuum image (white contours) of the circumbinary ring. The scale
bar indicates the line integrated emission in Jy beam−1 km s−1. The contours are -5, 5, 10, 15, 20, 25, 30, 35, and 40 times 0.015 Jy Beam−1, the rms
noise of the image. The synthesized beam is shown in the bottom left-hand corner and has a size of 0.72′′ × 0.62′′ with a P.A. of 87.3◦. Top Right: SMA
CH3OH(7−2,6-6−2,5) moment one image of the circumbinary ring. The scale bar indicates the LSR radial velocities of the disk in km s
−1. The velocity
resolution was smoothed to 1 km s−1. The approximate sizes and positions of the binary circumstellar compact disks reported by Zapata et al. (2007) and
the presumed inner cavitiy are marked in all figures with black dots and an ellipse, respectively. Bottom: CH3OH(7−2,6-6−2,5) moment one image from our
LTE model. The moment one from our observations and the model show a reasonable correspondence.
the SMA correlator is 4 GHz (2 GHz in each band). The
SMA digital correlator was configured in 24 spectral win-
dows (“chunks”) of 104 MHz each, with 256 channels dis-
tributed over each spectral window, providing a spectral res-
olution of 0.40 MHz (0.35 km s−1) per channel. However, in
this work we smoothed our spectral resolution to 1 km s−1
per channel.
The zenith opacity (τ230GHz), measured with the
NRAO tipping radiometer located at the Caltech Sub-
millimeter Observatory, was ∼ 0.06, indicating excellent
weather conditions during the observations. Observations of
MWC349 (with an adopted flux density at this wavelength
of 2.4 Jy) provided the absolute scale for the flux density cal-
ibration. Phase and amplitude calibrators were the quasars
0530+135 and 0541-056, with measured flux densities of 1.5
± 0.1 and 0.7 ± 0.1 Jy, respectively. Further technical de-
scriptions of the SMA and its calibration schemes can be
found in Ho et al. (2004).
The data were calibrated using the IDL superset MIR,
originally developed for the Owens Valley Radio Observa-
tory (Scoville et al. 1993) and adapted for the SMA.2 The
calibrated data were imaged and analyzed in a standard
manner using the KARMA, MIRIAD, and AIPS packages.
We used the ROBUST parameter set to 0 to obtain an opti-
mal compromise between sensitivity and angular resolution.
The continuum and line images rms noises were 15 and 60
mJy beam−1, respectively, at an angular resolution of 0.′′72
× 0.′′62 with a P.A. =87.3◦.
3 RESULTS
Figure 1 shows a channel-velocity map of the CH3OH(7−2,6
- 6−2,5) line emission from the circumbinary ring Ori139-409
overlaid with our LTE model of an infalling Keplerian disk
with a central cavity. The radial velocities in the channel
map are from −4 to +15 km s−1, with the systemic velocity
of the ambient molecular cloud of about +6 km s−1. The
CH3OH(7−2,6 - 6−2,5) line emission from the circumbinary
2 The MIR cookbook by C. Qi can be found at
http://cfa-www.harvard.edu/∼cqi/mircook.html
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Table 1. Observational Parameters of the Circumbinary Ring
Parameter Peak Flux Flux Density Deconv. Size Deconv. P.A.
[mJy]a [mJy Beam−1]a [arcsec, arcsec] [Degrees]
1.3 cm – 1.03±0.06b – –
7 mm 3.0±1 6.0±1 ≤ 0.1 × ≤ 0.1 –
1300 µm 150±50 350±50 1.4×0.9 –
890 µm 600±100 800±100 0.4×0.2 43 ± 22
CH3OH(7−2,6-6−2,5) 13.9 ±0.9 × 103 37.0±0.9 × 103 0.9×0.8 60 ± 44
CH3CN(124-114)c 1.5±0.1 × 103 1.8±0.1 × 103 0.6×0.4 87 ± 7
a For the line emission the units are mJy Beam−1 km s−1
b Values obtained from Zapata et al. (2004b)
c Values obtained from Zapata et al. (2007)
ring starts in the east at a radial velocity of −3 km s−1,
and moves to the west, finishes at a radial velocity of +13
km s−1. The redshifted molecular gas emission is found to-
wards the west, while blueshifted one is in the east. The total
linewidth is about +16 km. The radial velocity values are in
very good agreement with those reported by Zapata et al.
(2007). Approximately in the ambient velocity channels one
can see the puative central cavity starting at a radial velocity
of about +3 km s−1 and finishing at a velocity around of +9
km s−1. The central cavity is located around the position of
compact circumstellar dusty disks reported by Zapata et al.
(2007) at a wavelength of 7 mm. As the circumbinary ring
has an inclination ∼ 40◦ and a P.A. of 87◦, the suspected
cavity shows to be very enlogated from the east to west
(Figure 1 and 2) and with limb-brightening at the edges.
The free-line continuum emission at 890 µm, the mo-
ment zero (integrated intensity), and one (integrated veloc-
ity) of the CH3OH(7−2,6 - 6−2,5) line emission from the cir-
cumbinary ring Ori 139-409 are presented in Figure 2. The
continuum and the molecular emission are well coincident
and show to be very compact and centered in the position
of the circumstellar disks. However, the deconvolved size for
the 890 µm continuum emission shows to be more compact
compared to that the one of the molecular emission (see Ta-
ble 1). This suggests that probably the continuum emission
could be arising only from the central circumstellar disks
rather from circumbinary gas ring. We note that the small
inner cavity of the molecular gas ring is not clearly observed
in the moment zero map, only in the channel maps.
The deconvolved sizes for the line observations at
this frequency are given in Table 1. The size for the
CH3OH(7−2,6 - 6−2,5) line emission agrees well with that
one reported by Zapata et al. (2007) for the line CH3CN(124
- 114), see also Table 1. Note that the estimation of the P.A.
in the CH3OH integrated emission is not well determined.
The moment one map of the CH3OH(7−2,6-6−2,5) emission
shows approximately the same east-west velocity gradient
centered around VLSR= +6 km s
−1 and reported by obser-
vations of the CH3CN(124 - 114). This gradient does not
show a classical butterfly morphology produced by the Kep-
lerian velocity fields in a flattened disk (see for some exam-
ples of classical Keplerian disks: Simon et al. 2000). This
might be possibly due to the circumbinary molecular ring
is infalling towards the central circumstellar disks and the
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Figure 3. SED for the source Ori 139-409 combining 1.3 cm, 7 mm, 1300
µm, and 850 µm continuum data. The line is a least-squares power-law fit
(of the form Sν ∝ ν
α) to the spectrum. The data is well fitted by a single
power-law function.
resulting velocity fields in circumbinary ring are a combina-
tion of both, the infall and the Keplerian velocities. This is
also observed in our LTE model, see Figure 2.
It is interesting to mention that similar molecular struc-
tures to these traced by the CH3OH at different radial ve-
locities (Figure 1) were found in other high density tracers
(SO2 and CH3CN) argumenting in favor of the presence of
a contracting Keplerian ring in Ori 139-409 with an inner
cavity.
We show the kinematics of the CH3OH(7−2,6 - 6−2,5)
gas from the circumbinary molecular ring in Figure 3. We
have made two positional-velocity diagrams, one at a P.A. of
90◦ and the other one at 0◦. The position-velocity diagrams
additionally are overlaid with the pv-diagrams obtained
from our LTE model at same angle. Both pv-diagrams, the
observed and the modeled show a good agreement in all
c© 2009 RAS, MNRAS 000, 1–??
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Figure 4. Position-velocity diagrams of the CH3OH(7−2,6-6−2,5) line
emission from the circumbinary ring, computed with at a positional angle
of 90◦ (upper panel) and 0◦ (lower panel). In the both panels, the pv-
diagrams (color scale) are compared with the pv from our LTE model at
the same PAs (contours). The scale bar indicates the line emission in mJy
beam−1. In both panels, the contours are from 10% to 90% in steps of
10% the flux peak of our model. The velocity and angular resolutions are
1 km s−1 and ∼ 0.7′′ , respectively. The systemic velocity of the ambient
molecular cloud is 6–7 km s−1. The horizontal axis has units of arcsecs.
The north in the lower panel is toward the left of the image, while that in
the upper panel the east is in the left.
cases. The central putative cavity is also observed in both
diagrams.
The spectral energy distribution (SED) of Ori 139-409
from cm to sub-mm wavelengths is presented in Figure 3.
In this figure one can see that the data is well fitted by a
single power-law with α = 2.44 or β=0.44 (suggesting grain
growth). The value of α is in good agreement with that
one found by Zapata et al. (2007) estimated only using 7
mm and 1300 µm measurements. Note that angular reso-
lution for the four millimeter and centimeter observations
have similar values, 1.3 cm ∼ 0.3′′, 7 mm ∼ 0.5′′ (we tap-
pered the VLA data presented by Zapata et al. 2007, to this
angular resolution), 1300 µm ∼ 1′′, and at 850 µm ∼ 0.7′′.
4 THE MODEL
We have modeled a contracting flattened disk with a central
hole in Keplerian rotation, using the disk parametrization
from Guilloteau et al. (1999). The contraction is assumed to
have the functional form of free-fall, i.e. vinf ∝ 1/
√
r, with a
reference velocity at the reference radius, but our resolution
is insufficient to determine the exact functional form.
The model is for the same transition CH3OH(7−2,6-
6−2,5), using the physical parameters presented in Table 2.
The results are shown in Figure 1, 3 and 4. In the model
we assumed that the line emission from the disk is in lo-
cal thermodynamic equilibrium (LTE), and took from the
literature and from our observations some determined phys-
ical values (e.g. the deconvolved size, systemic velocity, the
positional angle). The better fit than all other trials in our
recurrence was found until we obtained similar structures in
our model to those imaged (see, Figures 1 and 4, and Ta-
ble 2). Most of the physical parameters in the model were
constrained in the process. The model fits the observations
reasonably well. A model of a Keplerian disk with the ab-
sence of an inner cavity was also considered, however, the
molecular structures in the disk observed close to the ambi-
ent velocities were not matched well. The dynamical mass
obtained from our model is in good agreement with that one
estimated in Zapata et al. (2007).
The infall velocity we determine is about a factor of 3
slower than the free-fall velocity corresponding to the dy-
namical mass. This would correspond to a mass accretion
rate of about 10−5 M⊙/yr, and the timescale for crossing
the distance from the outer to the inner radius is in the
same order as the time for a revolution in Keplerian rota-
tion. The disk or ring is therefore not a stationary object.
In the model, we assumed that southern part of the disk is
closer to us, while the northern one is farther. This is in very
good agreement with the orientation of the southwest red-
shifted monopolar outflow ejected from this source (Zapata
et al 2009).
5 DISCUSSION
Our Submillimeter interferometric observations together
with the LTE model revealed that the circumbinary ring sur-
rounding the protobinary Ori 139-409 is infalling toward the
central compact circumstellar disks. Moreover, the channel-
velocity maps of the CH3OH(7−2,6 - 6−2,5) line emission
show the presence of an inner cavity centered where the cir-
cumstellar dusty disks are located. Our model of an infalling
and Keplerian disk with a central cavity seems to confirm
this hypothesis (see Figure 1). The size of this cavity is es-
timated to be of about 140 AU ± 20 AU.
There are a few mechanisms that would have formed the
inner cavity observed in the circumbinary ring. One of them
would be due to the dynamic interaction of the circumbinary
disk and the binary circumstellar compact disks located in
its center. When a multiple system is formed the tidal ef-
fects of the stars creates gaps or holes in the center of the
circumbinary disks (Monin et al. 2007). This is thought to
be the case for the circumbinary rings: GG Tau, SR 24 and
UY Aur, see Guilloteau et al. (1999); Duvert et al. (1998);
Andrews & Williams (2005). On the other hand, photo-
dissociation or opacity effects of this molecule (CH3OH)
close to the central binary protostars could be other pos-
sibilities. The photo-evaporation in flattened molecular gas
disks is expected to be very important principally in the for-
mation of massive stars because of their strong UV fields.
However, as we have a protobinary system with an enclosed
dynamical mass of 9 M⊙ (or say about 4 M⊙ for each star),
this seems not to be an likely alternative. Moreover, the SED
for Ori 139-409 at centimeter wavelengths does not show any
contribution of free-free emission (Figure 3).
It is interesting to note that dust emission arising from
Ori 139-409 is well fitted by a single power-law with α =
c© 2009 RAS, MNRAS 000, 1–??
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Table 2. Parameters for the molecular gas Keplerian ring LTE model
Name Parameter Valuea
Systemic Velocity VLSR 6.0 – 7.0 km s
−1
Orientation PA 120◦ ± 5◦
Inclination i 40◦ ± 10◦
Density at reference radius n(H2)0 108 cm−3
Size of the cavity Ri 140 ± 30 AU
Dust Temperature Td 100 K
Dust Exponent β 0.44
Distance D 414 pcb
Reference radius r 720 AU
Power law index density ω 2.75
Kinetic temperature
at reference radius Tkin 100 K
Power law index γ 0.6
Scale Height of disk H 20 AUc
Dynamical mass M 9 M⊙ ± 2 M⊙
Infall velocity Vinf 1.5 km s
−1 ± 0.5 km s−1
a The errors in most of the physical parameters were obtained varying our
model.
b Menten et al. (2007)
c Here, we assumed H constant.
2.44 as obtained in our Figure 3. The continuum emission
at 1.3 cm and 7 mm arises completely from the circum-
stellar disks as reported by Zapata et al. (2007) and sug-
gested by Zapata et al. (2004). We additionally tapered the
7 mm continuum data from Zapata et al. (2007) at an an-
gular resolution similar to these observations and did not
detected any emission from the ring. If such contribution
was stronger one then might be expect a power-law with
two components (one associated with the circumstellar disks
obtained with a high angular resolution, and the other com-
ponent with both contributions from the circumbinary ring
and the compact disks), but this is not the case for Ori 139-
409. Furthermore, the deconvolved size at 850 µm of the
circumbinary ring is smaller as compared with the one of
the CH3OH(7−2,6-6−2,5) line emission (see Table 1). Assum-
ing that the emission at 850 µm is optically thin, isother-
mal (100 K) and a gas-to-dust ratio of 100, we estimated
an enclosed mass of 0.03 M⊙ for the source detected at this
wavelength. This value is similar to the masses of the circum-
stellar disks reported at 7 mm, suggesting that we are seeing
thermal emission from the disks. These arguments thus sug-
gest that the continuum emission seems to be only originate
from the dusty circumstellar disks with not strong contribu-
tion from the circumbinary molecular gas ring. This physi-
cal phenomenon might be also the case for the circumbinary
disk in the multiple star system SR 24N, where the circumbi-
nary disk is only detected in the CO line emission and not in
the millimeter continuum (Andrews & Williams 2005). The
dust emission from the circumstellar disks also appears to
be very faint. In the case of GG tau, the mm. dust emis-
sion is detected in the ring as well as in the position of the
circumstellar disks, see Guilloteau et al. (1999).
Both position-velocity diagrams made at different an-
gles show a good agreement (Figure 4). In the top image of
Figure 4 it is also clear that the kinematics of the molecular
gas in the ring could be also fitted by a rigid body law, as
suggested in Zapata et al. (2007).
If one do a simple comparison with other well known
protobinary systems as GG Tau, UZ Tau, and UY Aur, one
notes that the protobinary system Ori 139-409 could be one
of the youngest protobinary system reported up to now. A
clear example is that all the former multiple systems have
counterparts at infrared wavelengths associated with the
central protobinary system and/or the circumbinary disks
(Roddier et al. 1996; Ghez et al. 1994; Hioki et al. 2007)
suggesting that they are likely class I or later type objects.
This is contrary to what is observed in Ori 139-409 where
the infrared emission (2.2, 8.8 and 11.7 µm ) is not detected
at all (Gaume et al. 1998; Smith et al. 2004). Ori 139-409 is
still very embedded in its parent molecular cloud and there-
fore is related with a true class 0 object. Moreover, there
are a few pronounced differences between the circumbinary
disk observed in GG Tau, UZ Tau, and UY Aur and that
one observed in the Ori 139-409. The millimeter continuum
emission from those circumbinary disks in Taurus and Au-
riga complexes are very strong compared to that observed in
Ori 139-409, while the molecular emission seems to go in the
other sense, with the molecular emission from Ori 139-409
stronger.
The size of the cavity found in the Ori 139-409 system
is in good agreement with the size of the cavity suggested
for the L1551 binary system (of about 180 AU for q = 0.4)
estimated from theoretical models by (Pichardo et al. 2005).
The L1551 binary system appears to be a very similar young
stellar object to Ori 139-409. Both binary systems have de-
projected separations of 50–80 AU, semi-major disk axes of
about 10-40 AU, and masses of the components of approxi-
mately 0.05 M⊙. A possible reason of why the circumbinary
cavity in Ori 139-409 is something smaller than the one in
c© 2009 RAS, MNRAS 000, 1–??
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L1551 could due to the former is very young and the stars in
the center have not time to made the final size of the cavity.
6 SUMMARY
The circumbinary ring Ori 139-409 presents a promising lab-
oratory for future studies formation of multiple stars. We
have observed the (∼ 0.7′′) CH3OH(7−2,6 - 6−2,5) line and
890 µm continuum emission from this young binary star with
the Submillimeter Array. Additionally, we have modeled the
circumbinary disk associated with Ori 139-409 as a molec-
ular Kleplerian and infalling flattened disk with a central
cavity. We have found the following results:
• The CH3OH(7−2,6 - 6−2,5) emission from the ring is
well resolved at this angular resolution revealing an inner
cavity with a size of about 140 AU; The continuum emission
shows to be compact and seems to be only associated with
circumstellar disks.
• A molecular LTE model of a infalling Keplerian disk
with an inner cavity of same size agrees very well with the
line observations. This model suggests that the circumbinary
ring is infalling with a velocity of Vinf ∼ 1.5 km s−1 toward
the binary central compact circumstellar disks; This model
in addition confirms that the protostars in the middle of
circumbinary ring are of intermediate mass.
• The ring appears to be not a stationary object. The
infall velocity we determine is about a factor of 3 slower than
the free-fall velocity corresponding to the dynamical mass.
This would correspond to a mass accretion rate of about
10−5 M⊙/yr. The infall velocity of 1.5 km s
−1 is reached at
a distance of the reference radius, 720 AU.
• We suggest that dust emission associated with Ori 139-
409 seems to be mostly arising from the circumstellar disks
with not strong contribution from the molecular gas ring;
• A simple comparison with other classical molecular
dusty rings (e.g. GG Tau, UZ Tau, and UY Aur) suggests
that Ori 139-409 could be one of the youngest circumbinary
ring found up to date. Ori 139-409 is related with a class 0
object;
• The millimeter continuum emission from those rings in
Taurus and Auriga complexes are very strong compared to
what is observed in the Ori 139-409 system, while the molec-
ular emission seems to go in the other sense, with the molec-
ular emission from Ori 139-409 stronger;
All these topics are amenable to undertake more high
angular observations that aim at the problem of multiple
star formation, such as the presence of accretion streamers,
a connection between the circumbinary and circumstellar
disks.
Facilities: SMA
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